We investigated to determine whether dried bonito broth flavor induces a reinforcing effect using the conditioned place preference (CPP) test. Only dried bonito broth did not induce CPP. Sucrose induced CPP in 20% solution. A 21.86% dextrin solution, with the same calorie content as the 20% sucrose solution, did not induce CPP, but a dextrin solution flavored with dried bonito broth (BD) induced CPP. An AD solution containing the same concentrations of dextrin, NaCl, IMP, GMP, and amino acids as found in BD tended to increase the time spent in the conditioned box but did not significantly. Aromatic compounds, such as citral, vanillin, and menthol flavored AD solutions did not induce CPP, whereas an AD solution supplemented with dried bonito flavoring agent induced CPP. In mice with transected olfactory nerves, CPP was not induced by voluntary intake of BD. These results suggest that the aromatic profile of the dried bonito broth plays an important role in BD-induced CPP.
Fat and sugar are highly palatable foods. Excessive fat and sugar intake thought to be a cause of obesity, but due to high palatability, it is difficult to reduce fatty and sweet food intake. Rodents showed a strong preference for sugar and oil in two-bottle choice tests. 1) Moreover, previous studies suggest sucrose solution and corn oil intake produce reinforcing effects in rodents. 2, 3) It has been reported that the reinforcing effects of corn oil and sugar are mediated via the dopaminergic and opioidergic systems. 4, 5) The reinforcing properties of food reward can be evaluated by the conditioned place preference (CPP) test. 6) This test measures reinforcing effects in rodents based on changes in their preference for a certain environment after an association is established between that environment and a preferred stimulus. In a typical CPP test, a shuttle box, which consists of light and dark or white and black boxes, is used to represent two different environments. The association between environment and stimulus in rodents is studied by conditioning the animals to specific stimuli. It is known that the expression of the rewarding effect of sucrose or fat requires not only orosensory information but also a postingestive effect. 7, 8) Intragastric administration of 10% corn oil just before mineral oil ingestion did not induce CPP, but intragastric administration of 10% corn oil just before 1% linoleic acid solution ingestion induced CPP. 9) These results suggest that the quality of cephalic phase stimulation is also an important factor in the induction of the rewarding effect.
The traditional Western diet derives many of its pleasant sensory qualities from animal fats and vegetable oil, whereas traditional Japanese cuisine contains less fat and relies on Japanese stocks to enhance palatability. In Japanese cuisine, the seasoning reinforces the palatability of foods and contributes the characteristic flavor of Japanese dishes. Dried bonito broth is one of the traditional seasonings in Japan, and a liquid extract of dried bonito (katsuobushi) is made from skipjack tuna (Katsuwonus pelamis) by various processes, including drying and molding. Dried bonito broth has umami taste and a unique aroma. Several studies have analyzed the taste and aroma components of dried bonito broth. 10, 11) The basic fraction of dried bonito broth has a strong roasted, fish-like aroma, and pyridines and pyrazines, which are formed through Maillard reactions during manufacturing, were identified in the fraction.
10) However, one cannot determine why dried bonito broth flavor attracts Japanese people by instrumental analysis of flavor components alone.
We determined preference for dried bonito broth flavor by animal behavioral experiments. In long-term diet preference experiments, dried bonito broth flavoring enhanced the intake of a high-carbohydrate diet and reduced the intake of a high-fat diet. 12) In a two-bottle preference test, intact mice preferred dried bonito broth to water or an amino acid-nucleotide solution that matched the composition of dried bonito broth. 13) These results suggest that the mice did not prefer the dried bonito broth flavor just because dried bonito broth tasted umami derived from amino acids or nucleotides.
In this study, we investigated to determine whether dried bonito broth flavor induces CPP in non-deprived mice. The post-ingestive effect plays an important role in CPP, but dried bonito broth is a water extract of shaved dried bonito, which has only negligible calories. Hence, it was hypothesized that dried bonito broth alone, did not induce CPP in a manner similar to saccharin or fat substitute. 7, 9) In experiment 1, we investigated the relationship between reinforcing effects and carbohydrate or protein flavored with dried bonito broth. The flavor of dried bonito broth is a combination of taste of amino acids and nucleotides and its unique y To whom correspondence should be addressed. Tel: +81-75-753-6263; Fax: +81-75-753-6264; E-mail: tfushiki@kais.kyoto-u.ac.jp aroma. In experiment 2, we investigated the contribution of the taste of amino acids and nucleotides to CPP in combination with dextrin. We also carried out a CPP test of amino acids and nucleotides in combination with dextrin flavored with aromatic compounds, including dried bonito broth flavor agent, citral, vanillin, and menthol, that had never been experienced by the mice. In experiment 3, we examined the contribution of olfactory information to the rewarding effect of dried bonito broth, by bilateral olfactory nerve section surgery (ONX).
Materials and Methods
Animals. We used 150 male ICR mice (Japan SLC, Hamamatsu, Japan). At the start of the experiment, the mice were 5 or 6 weeks old. All the mice were maintained under controlled conditions, a 12/12-h light/dark cycle at a constant temperature of 23 AE 3 C. Food (type MF; Oriental Yeast, Tokyo) and tap water were freely available in the home cages. The CPP test was carried out during the day. The mice were maintained in the laboratory for 1 week after arrival to facilitate acclimatization to their surroundings before testing. The care and treatment of the experimental animals conformed to the Kyoto University Guidelines for the Ethical Treatment of Laboratory Animals.
Test fluids. The test fluids were prepared with the following reagents: sucrose (Sigma Chemical, St. Louis, MO), dried bonito broth extract (from Arabushi, which has no adding mold process), dried bonito broth flavor agent (Shimaya, Yamaguchi, Japan), dextrin from corn (commercial grade, type III, approx. 75% water soluble), xanthan gum (Sigma Chemical), and casein protein (Oriental Yeast).
All test fluids were formulated by weight. Deionized water was used to make up all the suspensions and solutions and to conduct the CPP test. The sucrose solution contained 20% sucrose. The dried bonito broth-flavored dextrin solution (BD) contained 1% dried bonito broth extract and 21.86% dextrin. The dried bonito broth was a 1% solution of dried bonito broth extract. The dextrin solution was a 21.86% solution of soluble dextrin. The dried bonito broth-flavored casein suspension (BC) contained 1% dried bonito broth extract and 20.48% casein. The mixed amino acid-nucleotide-dextrin solution (AD) contained the same concentrations of dextrin, NaCl, IMP, GMP, and amino acids as are found in BD: 0.035% sodium chloride (NaCl), 0.00077% L-methionine, and 0.00146% L-aspartic acid (Nacalai Tesque, Tokyo); 0.0152% IMP and 0.0052% guanosine-5 0 -monophosphate (GMP; Yamasa, Chiba, Japan); 0.00569% L-glutamic acid (Wako); and 0.00087% L-serine, 0.00111% glycine, 0.01237%
.00031% L-isoleucine, and 0.00093% L-leucine (Ajinomoto, Tokyo). The citral þ AD solution was 5 mL/L of citral and AD. The vanillin þ AD solution was 10 mg/L vanillin and AD. The menthol þ AD solution was 5 mg/L l-menthol and AD. Citral, vanillin, and menthol were purchased from Wako. A dried bonito broth flavor agent with AD was 7.3 mL/L dried bonito broth flavor agent (Shimaya, Yamaguchi, Japan) and AD. The fluids were presented as 0.3% gum suspensions because of the low solubility of casein. The nutrient solutions without dried bonito broth were isocaloric, providing 0.8 kcal/g.
Apparatus for the CPP test. We used a test chamber (Toyo Sangyo, Toyama, Japan) consisting of two compartments of equal size (20 Â 15 Â 15 cm) and a small connecting zone (5 Â 10 Â 15 cm), as previously described.
2) The covering wall of the dark box was black, and that of the light box and ceilings of both boxes were transparent. Two guillotine doors, one black (dark box side) and the other transparent (light box side), separated the connecting zone and the box. The test chamber was set in Scanet MV-10LD (Toyo Sangyo) equipped with infrared beam sensors capable of detecting locomotion, and the time the mice spent in each box, excluding the time spent in the connecting zone, was measured. The sensors measured locomotion and the time spent in each compartment based on changes in the position of the animal. The data from detectors were simultaneously transferred to a computer and stored. The detector and the test chamber were placed in a soundproof box, which had a small fan and a fluorescent 8-W light above the test chamber.
CPP test procedure. The following cycle of CPP testing was completed over 10 d: days 1-3, measurement of basal preference for the light and dark boxes; days 4-9, conditioning in each box; and day 10, measurement of changes in preference due to conditioning. On days 1-3 and on day 10 the mice were not treated, and the time spent in each box was measured over 20 min. On days 4-9, the mice were confined and offered test fluid or water from a bottle inserted through the ceiling in the light or the dark box, and locomotion was measured for 30 min. The mice were placed in the connecting zone, and both guillotine doors were opened on days 1-3 and 10. One door was opened and then closed immediately after the mice moved into the light or the dark box on days 4-9. Conditioning for the test fluid and the light box or that for water and the dark box were repeated alternately 3 times. The 20 min spent in the light box on day 3 was used as a basal value and was compared with the value on day 10. Reinforcement was evaluated based on these data. Test samples were tested separately. During the conditioning sessions, the mice were freely provided test fluid in the light box and water in the dark box.
Experiment 1: Conditioned place preference test of dried bonito broth. A total of 72 mice were used. They subjected to CPP test of 20% sucrose solution (n ¼ 11), 21.86% dextrin suspension (n ¼ 18), dried bonito broth (n ¼ 8), and BD (n ¼ 23). To determine whether the reinforcing properties of dextrin depend on the energy resource, the mice ingested 20.48% casein suspension (n ¼ 6), or dried bonito broth-flavored casein suspension (n ¼ 6) during the conditioning sessions.
Experiment 2: Effects of flavors other than dried bonito broth flavor on the conditioned place preference test. The aromatic compounds in the aqueous extract of dried bonito consisted of various volatile compounds, including Maillard reaction products, phenols, aliphatic aldehydes, and aliphatic ketones. 10, 11) To determine whether these aromatic profiles were important in inducing CPP in combination with amino acids, nucleotides, and dextrin, the mice ingested AD, dried bonito flavoring agent þ AD, citral þ AD, vanillin þ AD, or menthol þ AD during the conditioning session. A total of 45 mice were used. They subjected to CPP test of BD (n ¼ 12), AD (n ¼ 11),
Experiment 3: Effects of olfactory sectioning on dextrin solution flavored with dried bonito broth-induced conditioned place preference. The olfactory nerve fibers were transected by methods described previously. 14, 15) In brief, 24 mice were divided into sham-treated (n ¼ 13) and ONX-treated groups (n ¼ 11) and housed under the conditions described above. The frontal bones of the dorsal skull were exposed and removed above the olfactory bulbs. A flexible, custommade, Teflon blade was inserted between the cribriform plate and the olfactory bulb and then guided around the ventrolateral, ventrorostal, and ventromedial sides of the bulb, transecting the olfactory axons projecting through the cribriform plate to the bulb. The incision was then sutured closed, and the mouse was placed under a heating lamp until it recovered, after which it was returned to its home cage. The control mice received similar surgical treatment, except that the olfactory nerves were not transected. The sham and ONX mice were pre-exposed to potato chips (Calbee Foods, Tokyo) before olfactory nerve transection and sham surgery. Five d after the operation, the mice were isolated in plastic cages without food. After 20 h, a small piece of a potato chip was buried approximately 2 cm under fresh nesting paper chips.
13) The mice were allowed 5 min to find the potato chip, and the delay in finding this chip was measured. The location of the hidden potato chip was varied with each test. The mouse was then returned to its home cage. The mice were tested for olfactory sensitivity before and after the CPP test, and the data collected for mice not meeting this criterion were excluded (two ONX group mice were excluded).
Statistical analysis.
All values are presented as means AE SEM. In order to evaluate the place preference data, the values for the time spent by each animal in stimuli-paired compartment during the preconditioning and post-conditioning measurements were measured, and the percentages of pre-conditioning (time spent in the light box on day 10/day 3 Â 100) were calculated. The statistical significance of the percentage of pre-conditioning was analyzed by one-sample t test comparing 100% (Prism 5.0; GraphPad Software, San Diego, CA). Stimulus intake data for the conditioning sessions were analyzed by one-way ANOVA.
Results
Experiment 1: Conditioned place preference test of dried bonito broth ( Fig. 1) As indicated by significant differences in the times spent in the 20% sucrose-paired box between the before and after the conditioning sessions, sucrose-induced CPP was observed, tð10Þ ¼ 3:792, p < 0:05 (Fig. 1 left) . The mice did not show CPP when they ingested 21.86% dextrin or dried bonito broth, tð17Þ ¼ 0:0828, NS and tð7Þ ¼ 0:333, NS respectively, but BD ingestion increased the time spent in the light box, tð22Þ ¼ 2:274, p < 0:05 (Fig. 1 left) . On day 10, the mice spent significantly more time in the light box with the casein suspension flavored with dried bonito broth than the baseline time measured before conditioning tð5Þ ¼ 2:649, p < 0:05 (Fig. 1 right) . However, the mice did not show CPP when they ingested 20.48% casein suspension, tð5Þ ¼ 1:535, p ¼ 0:1853 (Fig. 1 right) . The intake of the casein suspension on the second conditioning session day was significantly lower than that of the sucrose solution (Fð5; 86Þ ¼ 3:61, p < 0:01), but there was no significant difference in the intake of stimuli between groups in the first and the third conditioning session (Table 1) .
Experiment 2: Effects of flavors other than dried bonito broth flavor on the conditioned place preference test (Fig. 2) To test the contribution of amino acids and nucleotides to CPP in combination with dextrin, mice were given access to the AD. The time spent in the BDpaired box increased significantly, tð11Þ ¼ 2:246, p < 0:05. There was no significant difference between before and after the time spent in the AD conditioned box, tð10Þ ¼ 1:560, p ¼ 0:1498, but the time spent in the dried bonito flavoring agent þ AD-paired box increased significantly (tð8Þ ¼ 2:704, p < 0:05). To determine whether amino acids and nucleotides in combination with dextrin flavored with aromatic compounds yet not experienced by the mice would induce CPP, we provided citral, vanillin or menthol þ AD (tð7Þ ¼ 1:059, p ¼ 0:3249; tð7Þ ¼ 0:1712, p ¼ 0:8689, and tð7Þ ¼ 0:1179, p ¼ 0:9094 respectively). Voluntary ingestion of these solutions did not induce CPP. At the conditioning sessions, there was a significant difference in the intake of these stimuli between groups in session 1 and session 3 (Fð5; 50Þ ¼ 4:235, p < 0:01, Fð5; 50Þ ¼ 2:180, p ¼ 0:071, and Fð5; 50Þ ¼ 2:884, p < 0:05 respectively). A post hoc test showed that the group given menthol þ AD ingested more at the first session, while there was no difference among the other groups (Table 1) . Mice ingested dextrin solution, BD (the dextrin solution flavored with dried bonito broth contained 1% dried bonito broth extract and 21.86% dextrin), AD (mixed amino acid-nucleotide-dextrin solution contained the same concentrations of dextrin, NaCl, IMP, GMP, and amino acids as found in BD), dried bonito flavoring agent þ AD, citral þ AD, vanillin þ AD, or menthol þ AD during the conditioning sessions. Data are mean percentage time spent in the stimulusassociated box in the pre-and post-conditioning sessions ð%Þ AE SEM.
Ã p < 0:05 vs. 100% by one-sample t-test.
Experiment 3: Effects of olfactory sectioning on dextrin solution flavored with dried bonito brothinduced conditioned place preference (Fig. 3) In the CPP test with ONX mice, the sham-operated mice showed significant place preference for the box associated with the BD solution (tð12Þ ¼ 2:536, p < 0:05) (Fig. 3) . The ONX mice, however, did not show significant place preference for the box associated with the BD solution (tð8Þ ¼ 0:924, p ¼ 0:383) (Fig. 3) . At the conditioning sessions, there was no significant difference in BD intake between groups in the conditioning session (Table 1) .
Discussion
In this study, the CPP test was used to investigate the reinforcing effects of dried bonito broth alone and with added dextrin or casein. We found that CPP was not induced by dextrin, casein, or dried bonito broth alone, but was induced by dextrin or casein flavored with dried bonito broth. In addition, amino acid and nucleotide flavored dextrin and the aromatic compounds, such as dried bonito broth flavor agent, citral, vanillin or menthol, in combination with amino acids, nucleotides, and dextrin did not induce CPP.
We have found that in the two-bottle preference test, intact mice preferred dried bonito broth to water. 13) Hence, the flavor of dried bonito broth is thought to be palatable to mice. In this experiment, only dried bonito broth did not induce CPP. This result is in agreement with previous findings that voluntary ingestion of 0.1% saccharin or 1% linoleic acid solution alone did not induce CPP. 7, 9) These findings confirm that a post-ingestive effect is critical factor in food-induced CPP.
Rats and mice are attracted by the taste not only of sugar but also of starch-derived polysaccharides. [16] [17] [18] Agmo and Marroquin reported that an 18% sucrose solution induced CPP while a 0.1% saccharin solution did not.
7) Also, we confirmed that 20% sucrose induced CPP, but CPP was not induced by a 21.86% dextrin solution or a 20.48% casein suspension, which contained the same calorie content as the 20% sucrose solution in experiment 1. It was reported that intragastric administration of corn oil alone did not induce CPP. 9) We measured stimulus intake during the conditioning sessions by differences in bottle weight before and after conditioning (Table 1 ). There were no significant differences in intake between groups during the conditioning sessions. These results suggest that information These results are consistent with the fact that both stimulation of the oral cavity and post-ingestive information are essential to the reinforcing effect of corn oil. 19) The characteristic taste of dried bonito broth is strong umami derived from various amino acids and nucleotides. Hence, we tested the contribution of the taste of amino acids and nucleotides to BD-induced CPP. Though AD contained the same concentrations of dextrin, NaCl, IMP, GMP, and amino acids as occur in BD, intake of AD increased the time spent in the conditioned box slightly, but did not significantly. We have reported that, in the two-bottle preference test, intact mice consumed dried bonito broth in preference to water or amino acid-nucleotide solution containing the same concentration of amino acids and nucleotides as dried bonito broth. 9) Rodents learn to prefer cue flavors paired with nutrients (flavor-calorie learning). 20, 21) Intragastric administration of corn oil just before voluntary ingestion of a low-energy fat substitute during the conditioning sessions induced CPP, but ingestion of mineral oil did not. 9) We speculate that AD was an insufficient flavor cue as a reinforcer. This suggests that constituents other than amino acids or nucleotides caused the preference for dried bonito broth flavor and the induction of BD-induced CPP. However, in the 100% corn oil-induced CPP test, the olfactory stimuli of corn oil were not needed. 22) We tried a AD flavored with dried bonito broth flavor agent in the CPP test and found that the combination of flavor agent of dried bonito broth and AD induced CPP. To test whether other flavors can induce CPP, we investigated the reinforcing properties of citral, vanillin, and menthol flavor in combination with amino acids, nucleotides, and dextrin. These aromatic compounds did not produce CPP. Based on these findings, there were some differences in the aromatic stimuli inducing CPP in combination with AD. In the two-bottle preference test with dried bonito broth and amino acid-nucleotide solution, the preference for the former was reduced in the mice with olfactory blockade. 13) In experiment 3, CPP induced by BD was observed in the sham-operated mice, but not in the ONX mice. Intake increased through the conditioning sessions after taste and after olfactory nerve cuts (Table 1 ). This suggests that olfactory stimulation of BD is required for CPP acquisition and that the aromatic profile of the dried bonito broth plays an important role in BDinduced CPP.
In conclusion, the BD-induced CPP was probably due to an increase in the reward value of the flavor of the dried bonito broth conditioned by the saccharide's postoral reinforcing actions, and the taste, olfaction, and post-ingestive effects were integrated to induce CPP for BD at the concentrations found in ordinary foods. It is now necessary to study various concentrations and to define the active taste and aromatic components in dried bonito broth.
